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I. INTRODUCTION
In the deregulated power market, adherence to Power Quality (PQ) standards has emerged as a figure-of- or dc side. The present focus is on harmonic filtering for such types of non-linear loads, where using a PSAF is meaningful.
In this paper, the different harmonic filtering strategies applicable to a PSAF are analyzed and compared.
In all the cases, the Synchronous Reference Rame (SRF) method [5] is used for harmonic measurement as the accuracy of this method is independent of dip tortions in the PCC voltage. The SRF approach is a two-step procedure which involves converting the three phase currents to their rotating frame (d,q) equhlents. fig. 2 , is the phnt t r a d e r function, which is e x p m d below.
(5)
The closed-loop transfer function thus becomes, For the system data shown in Table I , the bode plot for the loop transfix function is shown in fig. 3 . Since the phase margin is about Me, the closed-loop current control system, with all non-idealities considered, is stable. 
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Hz. The phase lag at 300 Hz (1885 rad/s) is 20°. The current control loop forms the innermost loop in the control hierarchy and is identical for all compensation strategies which are discussed in this paper.
III. COMPENSATION STRATEGIES
Of the various strategies for harmonic compensation that have been reported in litmature 
PCC.

A. Method I: h a d Current Sensing
This method is basically a feedforward scheme. It involves measurement of the load current and subsequent extraction of ita harmonic content using a high pass filter scheme. The harmonic components, so extracted, are adjusted for polarity and used as. reference commands for the current controller. This is explained with the help of fig. 6 .
Denoting the harmonic mmponenta of the load current by ilh and positive currents to be taken as shown in 6g. 5, the describing equation for this strategy is
iT(t) = i l h ( t ) .
(8)
B. Method 11: Source Current Sensing
In this strategy, the source current is measured and its harmonic component extracted. This is scaled by a suitable controller, usually of the proportional type. The output of the proportional controller is provided 89 a reference to the current controller. This is schematically represented in fig. 7 . 
Iv. ANALYSIS OF FILTERING SCHEMES
A. Load Current Sensing
Denoting the delay in the load current sensor by a firstorder hg, with time constant Tal, the compensation achematic is shown in fig. 9 . GF(B) is the transfer function for the high pass filter which is expressed as Also,
i,(t) = i&) -ir(t).
the schematic can be reduced to that shown in fig. 10 . It is seen that the control structure comprises two flow paths in parallel. Since both the individual paths consist of linear eystems, stability of these individual systems guarantee overall stability. One of the paths has a gain of -1 and is therefore stable. Stability of HI(s), therefore, ensures total system stability. &om the discussion of the previous section, it is obvious that the closed-loop poles of the current control system lie in the left-half of the s-plane. These are also the poles of scheme is also stable. " s f e r function for the entire scheme is therefore, 
where,
Zuh is the internal impedance provided by the murce network to a harmonic component of h-th order, and Z[h is the internal impedance provided by the load circuit to the same harmonic component.
The sharing factor indicates the Norton's current in the source branch, due to the STATCOM, as a fraction of i,. It is also clear that in a practical situation, The modified schematic is shown in fig. 12 . Stability of the total system is ensured if the positive feedback system, shown within dotted l i e s in fig. 12 , is stable. The closed-loop poles are plotted in fig. 13 , for a variation of s h from 0.1 to 0.9. S i c e there are no right-half roots, the system is stable. However, this conclusion is valid for equal phase angles of the murce and load impedances, which ia a special case.
B. Source Current Sensing
The control schematic, with all sensor and computation delays included, is shown in fig. 14. Tdl i s the time constant in the source aurent sensor model. The system involves a feedback element, as is evident from the control schematic. The loop gain is given by Robustness of this system is considered for two diflerent C89e5.
Case 11-A: K j h = 0.1. Fig. 15 shows the bode plots of Go, for this w e . 16 shows the filtering characteristics for this method, which is the bode plot of the corresponding closed-loop system. This system is stable, as the gain plot does not crws the 0 dB lime. However, the magnitude plot of 6g. 16 
V. DELAY COMPENSATION S C~E M E~
Based on the analysis of the previous section, the load current Bensing method ia adopted here. The problem in achieving satisfactory compensation is the phase delay introduced by the cascade combination (Ht) of the current control loop, high-pass filter and the load current sensor. Two separate approaches can be adopted for delay compensation and these are de acribed and analyzed below.
A. Method I-A: The 'Dynamic" Compensation Apm c h
This method of delay compensation can be realized with both analog and digital controller hardware. Here, a phaselead filter is provided after the high-psss filter, as shown in fig. 18 . The phaselead filter dynamics is described by the following t r d e r function.
where, U,,, is the central frequency where maximum phase lead v is obtained, and a is the "spread factor" which decides the value of v.
The bode plots of GPLF(S) are shown in fig. 19 (a) and (b). F'rom the magnitude plot in fig. 19 (a) , it is seen that the filter haa high pass characteristics. This may not be a signiscant problem because of the -40 dB roll-off in the closed-loop transfer function of the current controller. Since the gain always exceeds unity, the filter output has to be appropriately scaled down to generate the current controller reference command.
The phase plot shown in fig. 19 (b) has a sharp peak at the central frequency. Fig. 20 shows the bode plot of Ht. Comparison of the two phase plots reveal that an exact cancellation of phase delay for an extended frequency range is not possible. Under this circumstance, the b a t option is to attempt cancellation of the dominant harmonic component. For a six-pulse rectifier, which is used here, the dominant harmonics are the 5 t h and 7-th, both of which appear as 6 t h harmonic components in the aynchronous1y rotating reference frame. current harmonic spectra for each of these casw are also plotted for comparative appraisal.
VI. EXPERIMENTAL RESULTS
The experimental results ishow the source current waveforms for the different control strategies mentioned before. Fig. 23 shows the sou1:ce current in the absence of compensation. The cur,reni; waveform is typical of a six-pulse rectifier in continuous conduction. The dc side of the rectifier feeds a resistive load, through a smoothing choke. Fig. 24 show the harmctnic spectra of the three line currents. The first plot on each row shows the fundamental and the second shows the harmonic components. All graphs are plotted against the hannonic number and the y-axis is calibrated as a percentage of the fundamental component,, which remains constant throughout the experiment. It is seen that the dominant harmonics are the 5 t h (28%, 26%, 25%)., 7-th (5%, 4%, 4.5%) a d 11-th (8%, 7%, 6.5%) harmonic components. A slight unbalance in the load currents can be observed.
F i g . 25 shows the source current with Method I-A. The waveshape shows significant improvement. Fig. 26 shows the corresponding harmonic spectra. The 5-th harmonic component is attenuated to 4% of the fund& mental, but there is no significant improvement in the 11-th harmonic, which remains at 7 %. 30 shows the harmonic spectra. The 5 t h harmonic is brought to below 7% in all the phases. But the source current has a very large 20-th harmonic component which grows in magnitude with increasing Kfi. This validates the theoretical predictions, derived from frequency-domain analysis.
.
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VII. CONCLUSIONS
In this paper, a comparative study of the existing harmonic sltering schemes for a PSAF was performed. For identical current controller parameters and in the absence of any delay compensation, the load current sensing method (I) has marginally better filtering characteristics over the source current sen& ing method @I), which has a possibility of instability. The PCC voltage sensing method (111) may not be very suitable for exclusive load compensation purposes. Two delay compensation schemes were analyzed in connection with Method I. Both the methods show identical filtering performance at the dominant harmonic frequency. However the "steady-state" method (EB) was seen to a t e r an extended range of harmonics in comparison with the udynamic" method (I-A),
Reaults from frequency-domain analysis were experimentally validated on a 2 K W thyristor rectifier and a STATCOM of appropriate rating. Therefore, it is concluded that method I-B is the preferred harmonic filtering strategy, if transient performance is not a major concern.
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